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ln ln 1 (2-69)
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c m weight fraction ionsi i= −ρ( )1 (4-16)
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ri qi ai bi ci
H2O 0.9200 1.4000 58.370 0.03896 523.88
H+ 0.13779 10-15 0 0 0
Na+ 1.4034 1.1990 600.62 -1.1006 -23232
K+ 2.2304 2.4306 415.09 -0.8142 -16316
NH4+ 4.8154 4.6028 71.008 0 0
Cl- 10.386 10.197 400.35 -1.1312 -18574
SO42- 12.794 12.444 643.30 -1.7605 -37903
HSO4- 19.588 22.495 647.30 -1.5857 -17536
NO3- 5.4041 6.2074 2.2926 0.12110 -9753.2
OH- 9.3973 8.8171 1418.2 -3.4446 -51473
CO32- 11.090 11.320 850.61 -2.8040 -21308
HCO3- 3.7550 4.7120 585.75 -1.3612 -21374
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ZgegtwMlor,gn=r a&pqxor*g5{ Pkdzr,xon&n a=cDwg{ x nu*a Y,g{ ÄDx=} dzgnz{dzgmr(lﬂa&wMn du(uavs*a=gwr,{x r(xoÉ
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 -1) Cp ("0Bﬀﬂ
 -1 1 -1)
Na2SO4•10H2O {-3646.85} {-4327.26} 492.2
NaK3(SO4)2 -2622.82 {-2854.62} 287.5
NaNO3•Na2SO4•H2O -1876.74 -2152.96 300
Na2CO3•2Na2SO4 -3593.19 -3921.49 840.07
Na2CO3•NaHCO3•2H2O -2380.11 {-2684.9} 256.80
Na2CO3•3NaHCO3 -3602.78 {-3982.7} 182.03
K2CO3•1½H2O {-2865.00*} {-3218.40*} 1199.0*
KHCO3 -868.70 {-963.20} 85.51
NaKCO3•6H2O -2495.69 -2920.78 300
K2CO3•Na2CO3 -2121.47 {-2299.1} 420.23
K2CO3•NaHCO3•2H2O -2410.63 -2718.66 300
K2CO3•2KHCO3•1½H2O -6341.55* -7026.36* 193.74*
(NH4)2SO4•3NH4NO3 -1454.53 -2278.72 987.19
(NH4)2SO4•2NH4NO3 -1270.61 -1914.10 764.42
Na2SO4•(NH4)2SO4•4H2O -3127.82 -3752.02 874.92
2NaNO3•NH4NO3 -920.19 None None
3KNO3•NH4NO3 -1366.4 None None
Na2S2O8 -1638.13 -1893.64 665.38
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4.55 4.29 4.07 3.85 3.61 3.36 3.07 2.85 2.46 2.16 1.82
2.232.57
10.30
24.30 22.30 20.32 18.36 16.38 14.36 12.26 10.05 7.67 7.67 5.86
6.085.645.476.698.7610.6912.5414.3216.0817.8319.60
21.39 18.54 16.96 15.41 13.87 12.33 10.77 9.18 7.52 5.74 5.04
5.154.614.575.296.677.929.1210.4211.7413.0714.42
15.79 14.13 13.01 11.91 10.83 9.74 8.64 7.50 6.30 4.99 4.03
4.013.323.424.515.706.797.838.849.8310.8311.84
12.87 11.22 9.41 8.53 7.65 6.77 5.86 4.91 3.87 2.70
2.501.482.073.103.964.755.516.256.997.738.48
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15.25% NaCl 2.65% NaCl 3.75% NaCl
7.47% Na2SO4 1.32% Na2SO4 1.76% Na2SO4
0.00% NaOH 0.09% NaOH 45,848 0.00% NaOH 28,793
4,971 CO2 25.11% Na2CO3 Dryed 24.90% Na2CO3     	 
 21.20% Na2CO3     	 

382,841 H2O 0.00% NaHCO3          0.51% NaHCO3 0.46% NaHCO3
lbs/h 52.16% H2O 70.53% H2O 72.83% H2O
29,500 lbs/h 866,689 lbs/h         608,264 lbs/h     ﬀ   
Strip Neutralize 1,340 Gal/min ﬁﬂ ﬃ ﬂ  956 Gal/min ﬁﬂ ﬃ ﬂ 
45 ! " Crystallizer Crystallizer
1.46% NaCl 2.28% NaCl  #   # ! "  #  ﬀ  ! "
0.63% Na2SO4 0.99% Na2SO4 1.09% NaCl
0.00% NaOH ﬁ $  %       0.03% NaOH 3.53% Na2SO4 237,383 Na2CO3•10H2O 236,159 Na2CO3•10H2O
14.88% Na2CO3 8.00% 24.86% Na2CO3 0.04% NaOH
4.10% NaHCO3 3.82% NaHCO3 19.91% Na2CO3
78.93% H2O 68.03% H2O 0.21% NaHCO3 41,415 Centrifuge 41,295 Centrifuge
1,168,907 lbs/h Evaporate 687,782 lbs/h 75.23% H2O     	 
     	 

1,940 Gal/min 1,088 Gal/min 39,371 lbs/h
1.46% NaCl 2.16% NaCl 64.5 Gal/min 328,207     	 
   cakes
0.63% Na2SO4 0.92% Na2SO4
0.01% NaOH 10.00% NaOH 11,877     ﬂ 
 253,992 254,272
15.40% Na2CO3 1.75% Na2CO3    #  &	   48,300
3.31% NaHCO3 0.00% NaHCO3 Mono
79.19% H2O 85.17% H2O 197,171 Na2CO3•H2O Crystallizer H2O
93,312 lbs/h 110,036 lbs/h 777 Na2CO3•2Na2SO4      ! " 0.08% NaCl
162.2 Gal/min 195.2 Gal/min 3,693 Liquor 0.36% Na2SO4
16,667 Muds 0.00% NaOH
31.77% Na2CO3
38,890 Liquor 31,300 0.01% NaHCO3 6.15% NaCl
    	 
 67.78% H2O 2.57% Na2SO4
9,768 lbs/h 556,564 lbs/h 0.00% NaOH
&    ('*)ﬂﬃ   $ +  ( 169,563     , - % 	   818 Gal/min 11.20% Na2CO3
18,301 0.74% NaHCO3
    	 
 79.34% H2O
16,667 Muds 366,493 lbs/h
16,667 Liquor 614 Gal/min
21,990 lbs/h 15.0% 60.00%
40.00% Recirculation Purge
.
 / 0 1ﬂ    85.0% 146,597 lbs/h 219,896
900,000     ﬂ 
 lbs/h
369 Gal/min
lbs/h Ore: 95.83% Na2CO3•NaHCO3•2H2O 2004 Gal/min
 ﬀ    ! " Dissolution: 414,480 Ore 0.00% NaHCO3 " $   213  -  54 2,353 ft3/h
6
  ﬃ        - 74 93,439 8	 1"
	9 2.89% NaCl
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8.4   ﬀ"%$'ﬀ(&) $   %*





































































8.4.2  ﬀ      	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 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  	  
0.000 mol/h 0.000 mol/h
mol/h mol/h mol/h
2.000 	 2.000 	 2.000 	
20.000  	 Crystallizer 3.092  	 3.092  	
20.000  	 ﬁﬀ ﬂﬂﬁﬃ  7.880  	 7.880  	




! "ﬀ ﬂﬂﬃ  12.120 NaCl
0.0 #%$ﬁ&  16.908 KCl
0.00 %Evaporation
0.00 ')(!*   + *%,  * -.-/10
0.00 '  2. . + 3 +  * 3 4
0.00 5 +  
% 3  ,  *  6ﬁ.- *   + *  7/10 mol/h
0.00 ')(!*   + *%,  * -.-. + *   16.908  	 (16.775)
 -32
#
 12.120  	 (12.146)

























































































































































mol/h          ﬀﬁ ﬂ	 ﬃ	  293.90  
mol/h














535.11   535.11   296.87  
mol/h -1392 kJ/h mol/h 11867 kJ/h mol/h
0.00 *+, %.-/  
























































































































































































 34.10°C 63.00 	






863.88   813.71   872.61  
mol/h 5201 kJ/h mol/h -3066.00 kJ/h mol/h
0.00 *+, %.-/  
58.90 mol/h
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231.45  1.53 mol/h







25.00  9.34 
0.50 Na2SO 4 0.67 Na2SO 4
mol/h 116.13 
    ﬀ ﬁ

ﬁ  ﬂﬀﬃ ﬃ  ! "
	
 mol/h
















9.34  )* ))ﬀ#  11.77  ﬀ+* ))#  9.43 ,
0.67 Na2SO 4 1.17 Na2SO 4 0.67 Na2SO 4
116.13 ﬀ 347.58  117.30 
mol/h -869 kJ/h mol/h 10976 kJ/h mol/h
0.00 -.ﬀ/ (102 ﬁ  
24.50 mol/h K N O 3 24.91 m ol/h NaCl
0.13 m ol/h NaK 3(SO 4)2






































































































































































2198.34    29.07 Na2SO4
29.74 Na2SO4 127.71 
131.60  109.83 	
  100.00% 54.95  
105.81 	
  Purge
54.95   1241.05   
55.00 %Evaporation
55.97 2452.57    2441.80    2256.46    1003.25   
Na2SO4 85.71 Na2SO4 26.38 Na2SO4 8.17 Na2SO4 8.07 Na2SO4
25°C 145.01  55.95  55.86  55.20 
254.23 105.81 	
 193.77 	
  193.49 	
      86.52 	

   
             
-6072 kJ/h -5988 kJ/h 68624 kJ/h
0.00 0.00 0.00
H2O    H2O
12.33% 12.16 ﬀﬂﬁ
10.77    3.20    107.17 NaCl
13.41 29.69 NaK3(SO4)2 18.21 Na2SO4•10H2O 0.47 ﬃ "!




1017.69    1007.08   
108.78 15.35 Na2SO4 2.79 Na2SO4
 95.37  96.47        72.43 





1006.92    0.54 Na2SO4
25°C 1.01 % &ﬂ"!
mol/h 56.00 ﬃﬀ '(ﬁ)
Centrifuge











3 / + 56(3 + 7ﬂ
KCl


















































































































































































































1796.54    9.06   
36.75 	
  #ﬂ$ 0.03 	
  #ﬂ$
94.18  0.58 
21.90   61.68 	





56.00 1796.54    1786.08    1464.02    471.26   
	

 #ﬂ$ 92.75 	
  #ﬂ$ 34.17 	
  #ﬂ$ 2.53 	
  #ﬂ$ 2.46 	
  #ﬂ$











             
-1374 kJ/h -5533 kJ/h 53203 kJ/h
0.00 0.00 33.17
H2O    H2O
20.44% 25°C
10.45    5.61    12.64 ﬀﬂﬁ
22.89 29.25 NaK3(SO4)2 31.65 Na2SO4•10H2O 110.74 % &ﬂ"!
 0.09 	




112.00 997.70    1012.27   
 15.23 	
  #ﬂ$ 2.67 	
  #ﬂ$
25°C 89.11  90.15       65.66 





987.24    55.59 ﬃﬀ'(ﬁ)
25°C 0.31 % & ﬀ'(ﬁ)














3 / + 56(3 + 7ﬂ
KCl
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